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Diroﬁlariosis  is a severe  vector-borne  emergent  disease  that  is  spreading  worldwide  and
becoming  a serious  threat  to human  and  veterinary  public  health.  Portugal,  a Mediter-
ranean  country,  has  favorable  climate  conditions  for mosquito  development  and  survival.
At present,  accurate  data  on  the  prevalence  and  epidemiological  pattern  of diroﬁlariosis  in
Portugal is  scarce  and  outdated.  To  study  these  trends,  a project  was developed  to assess  the
current prevalence  of Diroﬁlaria  immitis  infection  in  shelter  dogs  as  well  as the  prevalence  of
Diroﬁlaria species  present  in  three  coastal  regions  in  central  Portugal:  Coimbra,  Santarém,
and Setúbal.  Blood  samples  were  collected  from  696 shelter  dogs  during  three  consecu-
tive years:  2011,  2012,  and  2013.  A rapid  immunomigration  technique  was  performed  to
detect female  D. immitis  antigens.  Concurrently,  to detect  and  identify  circulating  micro-
ﬁlariae,  a  modiﬁed  Knott’s  technique  and  acid  phosphatase  histochemical  staining  were  also
performed.  Of  the 696  dogs  sampled,  105  were  positive  for D. immitis,  with  an  overall  preva-
lence of  15.1%.  Forty  of the  105  dogs  were  antigen  negative  but were  positive  for  D.  immitis
microﬁlariae.  Three  animals  were  co-infected  with  D.  immitis  and  Acanthocheilonema  dra-
cunculoides,  and  there  was  also  one  dog infected  only  with  A. dracunculoides, all conﬁrmed
by  polymerase  chain  reaction.  The  highest  prevalence  of  canine  heartworm  during  the
3-y period  was  in  Setúbal  (24.8%),  followed  by Coimbra  (13.8%),  and  Santarém  (13.2%),
with  signiﬁcant  inter-district  differences.  Our  results  demonstrate  a higher  prevalence  of
diroﬁlariosis  compared  with  ﬁndings  of  previous  studies  and  show  an  increasing  rate  of
infection in  the  southern  areas  of  Portugal  attributed,  at least  in part, to bioclimatic  and
ecological factors.  The  present  study  updates  the  epidemiological  situation  and  correlates
the risk  of  diroﬁlariosis  transmission  within  each  region.  These  ﬁndings  are highly  rele-
vant to  both  human  and  veterinary  public  health,  contributing  to the  general  awareness
of  pet  owners  and  veterinarian  practitioners  and  reinforcing  the  need  for effective  control
measures  against  vectors  
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1. Introduction
The growing incidence of human and animal diroﬁ-
lariosis in endemic Mediterranean countries as well as
the emergence of autochthonous cases in central and
northern European regions (traditionally considered as
non-endemic) provide clear evidence that this zoonotic
disease is becoming a serious threat to human and vet-
erinary public health. Several factors may  account for this
tragic epidemiological scenario, namely global warming,
colonization by new competent vectors species, pet travel-
ing, and human environmental interactions (Colwell et al.,
2011; Genchi et al., 2011; Morchón et al., 2012; Simón et al.,
2012).
Canine diroﬁlarial infections are vector-borne diseases
caused by nematode species, speciﬁcally Diroﬁlaria immitis
and Diroﬁlaria repens.  Adult D. immitis reside in the pul-
monary arteries and right heart chambers, inducing lung,
vascular, and heart damage that may  culminate in heart
failure. Adult D. repens inhabit subcutaneous tissues, induc-
ing dermatitis and subcutaneous nodules (McCall et al.,
2008). In urban and rural areas, dogs are the main reservoirs
for D. immitis, whereas cats may  serve as major reservoirs
for D. repens (Tarello, 2002). Moreover, many wild ani-
mals can also act as reservoirs for Diroﬁlaria spp., playing
an important role in the perpetuation of this parasite to
companion animals as a consequence of their peridomes-
tic interactions. In Portugal, the prevalence of D. immitis in
red foxes ranges from 3.23% in north central locations, such
as Coimbra (Eira et al., 2006) to 11.8% in south central dis-
tricts, such as Santarém and Setúbal (Carvalho-Varela and
Marcos, 1993; Carvalho-Varela et al., 1993). Additionally,
D. immitis also has been reported in three European otters
Lutra lutra in Portuguese natural freshwater ecosystems
(Torres et al., 2004; Saraiva et al., 2012).
Humans are accidental hosts, and the resulting
pathological lesions, such as ocular, subcutaneous and
pulmonary disorders, are usually asymptomatic. For this
reason, infections may  go undiagnosed, resulting in under-
estimated prevalence (Simón et al., 2012).
D. immitis and D. repens are transmitted by com-
mon  Culicidae mosquitoes of the genera Aedes,  Culex, and
Anopheles carrying the L3 infective larval stage. In Portugal,
only Culex theileri was found to be naturally infected with
Diroﬁlaria spp. larvae. The low rate of ﬁlarial infection
in this species (4.76%) (Ribeiro et al., 1983) suggests the
involvement of other Culicidae mosquitoes in diroﬁlariosis
transmission.
Despite the known endemicity of D. immitis in main-
land Portugal, accurate data on the epidemiologic incidence
are scarce and outdated. Canine diroﬁlariosis is endemic
in mainland Portugal as well as in Madeira Island. Based
exclusively on microﬁlariae detection, without species dif-
ferentiation, prevalence rates of 16.7% in Ribatejo, 16.5% in
Alentejo, 12% in Algarve, and 30% in Madeira were found
(Araújo, 1996). In 2011, Balreira et al. reported a 2.1% sero-
prevalence of canine Diroﬁlaria infection in northern and
north central Portugal, with higher rates in Aveiro (6.8%)
and Coimbra (8.8%).
Recent data from Cardoso et al. (2012) using a com-
mercial ELISA kit (SNAP® 4Dx®, IDEXX Laboratories, Inc.,ology 206 (2014) 99–105
Westbrook, Maine, USA) reported the national average
prevalence of D. immitis in apparently healthy dogs to be
3.6% and 8.9% in dogs suspected to have clinical signs asso-
ciated with canine vector-borne disease.
Other concomitant dog ﬁlarial infections may  occur
in Portugal, namely Acanthocheilonema reconditum and
A. dracunculoides (Gomes and Grácio, 2003). Since their
pathogenic potential and public health proﬁle is less sig-
niﬁcant than that of D. immitis, the correct identiﬁcation of
their microﬁlariae is critical to permit initiation of a differ-
entiated therapeutic approach (Pantchev et al., 2011).
There are no published data on seasonal diroﬁlariosis
transmission trends in Portugal. Therefore, an update on
the epidemiological pattern and transmission dynamics is
required to clearly identify which Diroﬁlaria species are
currently present in the country, aiming to determine the
best treatment schedule according to the species and sea-
sonal distribution. The present paper reports the regional
Diroﬁlaria ﬁndings in canine populations in different eco-
logical areas during three consecutive years in mainland
Portugal.
2. Materials and methods
2.1. Survey areas
Three estuarine areas of known endemicity for canine
diroﬁlariosis and high-density mosquito population in
central Portugal were evaluated: Coimbra (north central
region, 40◦12′47′′ N 8◦27′7′′ W),  Santarém (central region,
39◦14′24′′ N 8◦40′59′′ W)  and Setúbal (south central region,
38◦31′19′′ N 8◦53′9′′ W).  The same nine animal shelters
were tested each year (October/November 2011, April/May
2012, May/June 2013) to determine trends in the preva-
lence of Diroﬁlaria spp. in these regions.
2.2. Animal sampling
The number of animals required was  estimated using
WinEpi program (stratiﬁed sample approach), taking into
account the global prevalence of canine diroﬁlariosis in
each district as well as the average number of animals in
the shelters.
A total of 696 shelter dogs, including 307 males (44.1%)
and 389 females (55.9%), were randomly selected (Table 1).
Dogs younger than 6 months were excluded due to the long
life cycle of D. immitis. Only dogs admitted to the kennels
in the previous 6 months were included in the survey to
preclude evaluating the same animal in subsequent years.
2.3. Data records
A complete record was kept for each sampled dog,
including the animal’s age, gender, breed, and hair coat
length (short or long) as well as a photograph to con-thus, there was  no information available regarding pre-
vious heartworm preventive treatments. Additionally,
deworming or heartworm preventive treatments were not
routinely implemented in the surveyed shelters.
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Table  1
Detection of Diroﬁlaria immitis in shelter dogs in regions of Portugal by serological and direct techniques.
Year Districts No. of dogs
evaluated
No. of dogs positive for
D. immitis by any test
Antigen +
Microﬁlaria +
Antigen +
Microﬁlaria−
Antigen−
Microﬁlaria +
PCR
2011 Setúbal 40 10 (25.0%) 4 2 4 4 D. immitis
Santarém 169 25 (14.8%) 14 3 8 7 D. immitis
Coimbra 99 12 (12.1%) 6 4 2 1 D. immitis + A.
dracunculoides
Total  308 47 (15.3%) 24 9 14
2012  Setúbal 34 6 (17.7%) 4 0 2 2 D. immitis + A.
dracunculoides
Santarém 122 14a (11.5%) 6 1 8 7 D. immitis/1
A.
dracunculoidesa
Coimbra 74 11 (14.9%) 5 3 3 3 D. immitis
Total  230 3113 (13.5%) 15 4 13
2013  Setúbal 27 9 (33.3%) 3 2 4 4 D. immitis
Santarém 80 10 (12.5%) 4 1 5 5 D. immitis
Coimbra 51 8 (15.7%) 3 0 5 6 D. immitis
Total  158 27 (17.1%) 10 3 14
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prevalence. Pearson chi-square analysis was  performed
with Diroﬁlaria infection (0 – negative, 1 – positive) againstOverall 696 105a (15.1%) 
a Single infection by A. dracunculoides was excluded from counts.
.4. Clinical examination and blood collection
Prior to the blood collection, a physical examination
as performed to check for the presence of any abnor-
al  clinical signs (i.e., heart murmurs, ascites, and other
eartworm-associated signs). Five mL  of whole blood was
ollected from each dog’s cephalic vein, and 2.5 mL  was
tored in a collection tube containing EDTA; the remaining
.5 mL  was stored in a collection tube without anticoagu-
ants. Serum was harvested following centrifugation of the
lotted blood and stored at −20 ◦C until analysis.
.5. Direct and serological tests
The modiﬁed Knott’s technique was performed to con-
entrate any microﬁlariae in the sample. Acid phosphatase
istochemical staining was performed using the Leucog-
ost SP® commercial kit (Merck & Co., Inc, Whitehouse
tation, New Jersey, USA) in accordance to the manufac-
urer’s recommendations to exhibit the characteristic acid
hosphatase activity pattern (Chalifoux and Hunt, 1971;
eribán˜ez et al., 2001). Brieﬂy, 2 mL  of naphthol-AS-OL-
hosphoric acid and 3 level measuring spoonfuls of sodium
cetate were dissolved in 60 mL  of distilled water. Four
rops of pararosaniline–HCl solution and ﬁve drops of
itrite solution were mixed in a small test tube and added
o the main solution after 1 min. Air-dried blood smears
ade from fresh blood without anticoagulant were ﬁxed
ith Leucognost® ﬁxing mixture for 1 min, washed with
istilled water, and incubated in the freshly prepared stain-
ng solution in the dark for 3 h. Finally, blood smears were
ashed with distilled water and examined under a light
icroscope (×200; ×400)..6. Immunodiagnostic test
To test for the presence of D. immitis circulating anti-
ens, WITNESS® Diroﬁlaria commercial kit (Synbiotics16 41
Corp., Europe) based on rapid immunomigration tech-
nology was used. All procedures were performed as
recommended by the manufacturer.
Some microﬁlaremic samples that either tested positive
for D. immitis or were in doubt by the modiﬁed Knott’s tech-
nique and acid phosphatase staining were negative for D.
immitis circulating antigens. For this reason and to ensure
an accurate analysis, all of these samples were subjected to
molecular techniques to conﬁrm its diagnosis.
2.7. Molecular analysis
Dog blood DNA was analyzed using panﬁlarial primers
DIDR-F1 (5′AGT GCG AAT TGC AGA CGC ATT GAG3′) and
DIDR-R1 (5′AGC GGG TAA TCA CGA CTG AGT TGA3′)
described by Rishniw et al. (2006) for molecular screening
of canine ﬁlarial species. Genomic DNA from an adult D.
immitis, dog blood infected with D. repens,  and deionized
water was used as positive and negative controls, respec-
tively. To conﬁrm the results after ampliﬁcation for A.
dracunculoides, the same polymerase chain reaction (PCR)
products were puriﬁed using a commercial kit (QIAGEN,
The Netherlands) and sequenced (performed by STAB-
VIDA).
2.8. Statistical analysis
Statistical analysis performed with Statistical Package
for the Social Sciences (SPSS) IBM v. 21.0 (SPSS Inc., Chicago,
Illinois, USA) and EpiTools (AusVet Animal Health Services,
Toowoomba, Australia) were used to estimate regionalindependent variables, including gender, coat length, and
age groups (<5 y, 5–1 y, >10 y). Estimated prevalence was
assessed using Agresti–Coull method. A p-value <0.05 was
considered statistically signiﬁcant.
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Fig. 1. Microﬁlaria of Diroﬁlaria immitis after acid phosphatase histo-
chemical staining (200×). Marked red dots show the acid phosphatase
The overall prevalence of canine D. immitis infection
detected over the 3-y study period in the three areas,
was  15.1%. Signiﬁcant interdistrict differences of D. immitis
infection rates were observed (2 = 8.661; p = 0.013), with
Fig. 2. Gel electrophoresis of ﬁlarial PCR products in 1.5% agarose gel.
The 5.8S-ITS2-28S regions were ampliﬁed by using pan-ﬁlarial primers102 A.M. Alho et al. / Veterinar
2.9. Transmission risk
To assess the transmission risk of Diroﬁlaria in each of
the three districts, a degree-day model based on Diroﬁlaria
Development Units (DDUs) was used according to Fortin
and Slocombe (1981) and Lok and Knight (1998). The num-
ber of potential days with temperatures compatible with
the transmission of Diroﬁlaria larvae between mosquito
and reservoirs was estimated from 2011 to 2013. Mini-
mum and maximum daily temperatures registered in the
three respective Portuguese meteorological stations were
obtained from Instituto Português do Mar  e da Atmosfera
(IPMA). Preconditions for the model were a threshold tem-
perature of 14 ◦C (below which Diroﬁlaria development will
not proceed in mosquitoes), 130 cumulative DDUs for lar-
vae to reach infectivity, and a maximum life expectancy of
30 days for mosquito vectors (Fortin and Slocombe, 1981;
Lok and Knight, 1998).
2.10. Ethical considerations
The study was approved by the Commission on Ethic
and Animal Welfare of the Faculty of Veterinary Medicine
– University of Lisbon. All technical procedures were in
accordance to National (DL 276/2001 and DL 314/2003)
and European legislation regarding animal welfare and
met  the International Guiding Principles for Biomedical
Research Involving Animals by the Council for the Inter-
national Organizations of Medical Sciences.
3. Results
The number of dogs surveyed was 308 in 2011, 230
in 2012, and 158 in 2013. The estimated mean age of all
dogs in the survey was 5.0 ± 3.1 y, with a minimum of
approximately 6 month and a maximum of 16 y. Of the
696 shelter dogs tested over the 3-y period, 9.4% (65/696)
were positive for D. immitis based on the antigen detec-
tion test (Table 1). Microﬁlariae were detected in blood
samples of 12.9% (90/696) dogs by the modiﬁed Knott’s
technique. Acid phosphatase staining demonstrated micro-
ﬁlariae with two distinct bright red dots, representing the
excretory and anal pores speciﬁc for D. immitis, in 12.1% of
the animals (84/696) (Fig. 1). In the remaining samples, acid
phosphatase activity was dubious and difﬁcult to charac-
terize either due to a low microﬁlariae burden or faint blood
smear.
In 49 (46.7%) of the 105 D. immitis-infected dogs, antigen
testing and acid phosphatase staining both produced posi-
tive results. Discordant results between the two tests were
observed in 16 samples (15.2%) due to occult infections,
only detectable by antigen testing. Similarly, discordant
results were found in 41 samples (38.7%), with positive
results detected by acid phosphatase staining, which were
later conﬁrmed by PCR analysis (Table 1). Of these 41
samples, 37 were identiﬁed as single infection with D.
immitis, one as single infection with A. dracunculoides; the
remaining three were A. dracunculoides and D. immitis co-
infections.
Sequenced samples (reference HG964682–HG964684,
European Nucleotide Archive) showed similaritiesactivity of the excretory and anal pores. (For interpretation of the ref-
erences to color in this ﬁgure legend, the reader is referred to the web
version of the article.)
between them and 99% homology with the sequence
DQ018785, speciﬁc for A. dracunculoides as described by
Rishniw et al. (2006). No other ﬁlarids (i.e., D. repens or A.
reconditum) were found during the study (Fig. 2).
Signiﬁcant differences in Diroﬁlaria infection rates
were observed within gender and age groups. The infec-
tion rate was  higher in males (18.2% [56/307]) than in
females (12.6% [49/389]) (2 = 4.268; p = 0.039). Infected
animals were identiﬁed in all age groups: <5 y = 11.7%
(44/376); 5–10 y = 19.2% (48/250), and [>10 y old = 18.6%
(13/70)]. Diroﬁlaria infection was signiﬁcantly higher in
dogs ≥5 y (2 = 7.328; p = 0.026). Additionally, short-haired
dogs were more frequently infected (16.7%; 65/389) than
long-haired (13.0%; 40/307), although the length of dog
coat was  not a statistically signiﬁcant factor (2 = 1.814;
p = 0.178).(DIDR-F1/DIDR-R1). The amplicons are 542-bp for D. immitis (lanes 1–6,
9),  584-bp for A. dracunculoides (lane 7), and mixed infection (D. immitis
and A. dracunculoides) (lane 8); M:  DNA molecular marker, 100 bp ladder;
positive control from D. immitis (lane 10), positive control of D. repens
(lane 11) and water for negative control (lane 12).
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fFig. 3. Diroﬁlaria immitis evolution trend during 2011, 201
he highest prevalence found in Setúbal (24.8% [25/101])
95% CI: 17.3–34.0%], followed by Coimbra (13.8% [31/224])
95% CI: 9.9–19.0%], and Santarém (13.2% [49/371]) [CI 95%:
0.1–17.1%]. Diroﬁlaria was detected in all three districts
n each of the years surveyed. The highest infection rate
3.3% was recorded in 2013, in the Setúbal area and the
owest 11.5% was recorded in 2012, in the Santarém area
Table 1; Fig. 3). Infected animals were found in eight of
he nine shelters assessed (88.9%) with prevalence ranging
rom 5.8% to 31.9% in each shelter.
Considering the estimated transmission risk from 2011
o 2013, all years and all districts showed suitable con-
itions for Diroﬁlaria transmission. The highest average
umber of days with conditions for Diroﬁlaria transmission
as registered in Santarém (150.7 days/y, ﬁve estimated
iroﬁlaria generations); followed by Setúbal (150.3 days/y,
ve estimated Diroﬁlaria generations); and Coimbra (129.7
ays/y, four estimated Diroﬁlaria generations). The maxi-
um number of potential transmission days/y (n = 169.7)
ccurred in 2011, followed by 2013 (n = 133.3) and 2012
n = 132.7). The earliest and latest period for Diroﬁlaria
ransmission registered during the 3 y ranged from May
1st to November 14th in Santarém, from May  20th to
ovember 6th in Setúbal, and from May  29th to November
nd in Coimbra.
. Discussion
During the 3 y of this survey conducted in Coimbra,
antarém, and Setúbal districts of Portugal, the average
lobal prevalence of canine D. immitis was 15.1%. This
revalence was higher than expected when taking into
ccount ﬁndings of previous studies conducted in central
ortugal (Araújo, 1996; Balreira et al., 2011; Cardoso et al.,
012). The higher prevalence rates found may  be explained,
mong other reasons, by the fact that this study was  per-
ormed with shelter dogs, which usually are not receiving13 in Coimbra, Santarém and Setúbal districts of Portugal.
prophylactic heartworm treatments and therefore, at a
higher risk of infection.
D. immitis was detected in all three districts studied
from 2011 to 2013, conﬁrming the endemicity and con-
tinuous transmission of this life-threatening disease. We
suspect these ﬁndings are likely related to the geograph-
ical location of the districts (proximity to the estuarine
areas of the rivers Mondego in Coimbra district, Sorraia in
Santarém, and Sado in Setúbal) as well as by their mild cli-
mate. Diroﬁlariosis transmission depends on the presence
of competent mosquito species, whose development and
survival are directly related to favorable climate conditions.
The higher prevalence detected in the southern region of
Portugal relative to the north may  be attributed, at least
in part, to bioclimatic and ecological factors, since aver-
age temperatures tend to be higher in the southern areas,
thus providing more favorable conditions for the vectors
(Casimiro et al., 2006). Similar ﬁndings have been observed
in Spain, where D. immitis prevalence is higher in southern
areas, such as Cadiz (12%), Córdoba (18%), Badajoz (8–14%),
and Alicante (13%), with the maximum rates reported in
Huelva (36.7%) (Anguiano et al., 1985; Guerrero et al., 1989;
MSD-AGVET, 1991; Ortega-Mora et al., 1991).
The importance of D. immitis in wild carnivore popula-
tions should not be overlooked, since its prevalence in red
foxes is generally in agreement with infection rates in shel-
ter dogs the present survey, with a higher rate reported in
Setúbal (11.8%) and lower rate in Coimbra (3.2%) (Carvalho-
Varela and Marcos, 1993; Carvalho-Varela et al., 1993; Eira
et al., 2006).
A variation in the prevalence of canine diroﬁlariosis was
observed between years in this survey, with an increase
noted from 2011(15.3%) to 2013 (17.1%), suggesting that
Diroﬁlaria infection is increasing and expanding in Portugal.
The results obtained by using the forecast model
show that Diroﬁlaria transmission is markedly seasonal
in Portugal, with peaks in the summer, conﬁrming data
y Parasit104 A.M. Alho et al. / Veterinar
reported by Genchi et al. (2005) and Rinaldi et al. (2007). A
highest transmission risk was similar for Santarém (150.7
days/y) and Setúbal (150.3 days/y), contrary to what was
expected, considering the prevalence rate for Santarém
was consistently and markedly lower than that of Setúbal.
Although temperatures are one inﬂuencing factor of trans-
mission risk, according to Brown et al. (2012), many other
factors promote (or interfere) with Diroﬁlaria transmission,
namely precipitation, relative humidity, vegetation indices,
human and animal population density, and social economic
status. The abundance of rice ﬁelds in Setúbal suburban and
rural areas could greatly contribute to higher larval sur-
vival and development within mosquitoes in that region.
An interdisciplinary integrated approach should be consid-
ered in the future, combining all those factors as well as the
interaction between animals, nematodes, and mosquitoes.
A 7-month seasonal risk period (May to November) for
Diroﬁlaria transmission was also registered in the three
meteorological stations. This ﬁnding may  contribute to the
need to implement a preventive therapy guideline in accor-
dance with the transmission characteristics of each local
area of the country, allowing a better protection of the ani-
mals during the entire risk season.
Performance of the diagnostic tests revealed higher sen-
sitivity for direct tests (Knott’s and acid phosphatase) in
combination with PCR compared with serological meth-
ods. Of the 105 dogs found to be infected with D. immitis,
16 were microﬁlaria negative and antigen positive. Accord-
ing to Genchi et al. (2007), occult infections may  be due
to several factors, such as prepatency, unisex infection (by
female worms), drug-induced sterility of adult ﬁlariae, or
immune-mediated clearance of microﬁlariae.
Conversely, the 41 microﬁlariae-positive samples neg-
ative for antigen were conﬁrmed by PCR. The lower
sensitivity of the antigen test was unexpected, although
similar ﬁndings have also been reported by Tarello (2001),
who found seven dogs in Italy harboring D. immitis
microﬁlariae that tested negative for D. immitis antigen.
Furthermore, Vezzani et al. (2008) reported approxi-
mately 22% of D. immitis microﬁlaremic dogs in South
America were negative for circulating antigens. The main
hypotheses that justify these divergent results could be
the antigen-antibody complex formation that can greatly
interfere with the detection of the antigen (Brunner et al.,
1988; Tonelli and Quentin, 1989; Little et al., 2014). Accord-
ing to Little et al. (2014), if serum is not treated with
heat prior to testing, antigen–antibody complex formation
can occur, trapping the antigen and inhibiting its detec-
tion. This could lead to a large number of false-negative
results. Heat treatment presumably allows the disruption
of antigen–antibody complexes, allowing an accurate and
increased detection of D. immitis antigen. Other hypotheses
could be a low female worm burden (between one and four)
that easily decreases the sensitivity of antigen test, which
has been demonstrated in several studies (Martini et al.,
1996; Klotins et al., 2000; Atkins, 2003). Another theory for
the failure to detect antigen in microﬁlaremic dogs could be
related to the persistence of microﬁlariae following the nat-
ural or the pharmacological death of adult worms (Vezzani
et al., 2008). For this reason, the complementary use of
serologic tests in combination with direct and/or molecularology 206 (2014) 99–105
techniques is highly recommended to achieve an accurate
diagnosis.
No other ﬁlarial species (e.g., D. repens or A. reconditum)
were detected in the present survey, which was surpris-
ing considering reports of D. repens in other Mediterranean
countries, including Spain (Cancrini et al., 2000), France
(Chauve, 1997), and Italy (Tarello, 2010). At least during the
period covered by the present survey, D. immitis appeared
to be the sole etiological agent of diroﬁlariosis in Portugal.
We expect forthcoming surveys from our project to con-
ﬁrm these ﬁndings, particularly in the neighboring areas of
Portugal with Spain.
Reasons for the emergence/re-emergence of canine
heartworm disease in Portugal are still unclear, but climate
changes related to global warming are most likely impli-
cated (Casimiro et al., 2006) as well as globalization that
has led to an increased movement of pets (Colwell et al.,
2011). Besides these factors, the impact of the recent socio-
economic crisis in Portugal has resulted in a reduction of
the number of prophylactic treatments, particularly those
directed against vectors (Madeira de Carvalho et al., 2013).
In conclusion, representative epidemiological surveys
are of utmost importance not only to assess the impact of
infection but also to monitor and forecast future outbreaks.
The creation of a database with this and future compiled
information could beneﬁt both the veterinary and human
health communities by enabling the creation of regional
maps with respective associated risk and the assessment
of heartworm evolution trends.
We believe that our data will be invaluable for the
promotion of general awareness of pet owners and veteri-
narian practitioners, reinforcing effective control measures
against vectors and preventive therapy in companion ani-
mals.
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